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Abstract — A method of induction motor diagnostics based on 
the analysis of three-phase instantaneous power spectra has 
been offered. Its implementation requires recalculation of 
induction motor voltages, aiming at exclusion from induction 
motor instantaneous three-phase power signal the component 
caused by supply mains dissymmetry and unsinusoidality. The 
recalculation is made according to the motor known 
electromagnetic parameters, taking into account the 
electromotive force induced in stator winding by rotor currents. 
The results of instantaneous power parameters computation 
proved efficiency of this method in case of supply mains voltage 
dissymmetry up to 20%. The offered method has been tested 
by experiments. Its applicability for detection of several stator 
and rotor winding defects appeared in motor simultaneously 
has been proved. This method also makes it possible to 
estimate the extent of defects development according to the 
size of amplitudes of corresponding harmonics in the spectrum 
of total three phase power signal. 

Index Terms — induction motors, fault diagnosis, instantaneous 
power, current measurement, voltage measurement, frequency 
domain analysis, dissymmetry, unsinusoidality, broken bars, 
MCSA. 

I. Introduction 

Induction motors (IM) are most widely 
used energy consumers and energy converters for different 
industrial applications. In spite of a very simple and reliable 
construction, there happen sudden failures of IM, and they 
may lead to serious faults of the whole work station. This 
may results in significant pecuniary losses because of repair 
operations and idle time. Thus, timely diagnostics of incipient 
IM faults is a very important task. To solve this task the on- 
line IM diagnostic systems are being developed. 

Different reviews [1, 2] showed that most frequently 
caused IM defects are the following: the bearings defects 
(32-52%), stator windings defects (15-47%), rotor bars/rings 
(less than 5%), shaft or coupling defects (about 2%), defects 
caused by external devices (12-15%), other defects (10-15%). 
For detection the bearings faults there are well-developed 
and widely used methods of vibration diagnostics [3]. Thus, 
this work is devoted to incipient faults detection of stator 
and rotor. Most common rotor faults are the rotor-to-stator 
eccentricity and the rotor bar breaks. Most common stator 
defects are the short circuits in windings and also the windings 
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paramedical asymmetry. 

There is a range of methods for incipient fault detection. 
Widely used are monitoring of mechanical vibrations, 
currents, reverse sequence pole and partial charges. The aim 
of these methods is to detect deviations in signal spectra. 

Well-known IM incipient faults detection methods are 
successfully used for large and medium machines. However, 
there are some limitations to usage of these methods for low- 
voltage machines because of economical reasons and sensors 
size. 

The analysis of existing IM diagnostic methods gives 
the following results. 

There are a number of methods based on electrical signal 
spectra analysis, such as Motor Current Signature Analysis 
(MCSA). They are very popular diagnostic methods because 
of simplicity of signal recording under operation mode. There 
are a number of works devoted to using such methods as a 
medium for detection of stator windings short-circuits, rotor 
unbalances and rotor bar breaks, and also bearings defects 
[4-7]. But it has to be mentioned that electrical distortions 
and influence of the supplying voltage low quality could 
lead to appearance of harmonics in analyzed electrical signal 
on the same frequency as a fault harmonics. This may lead to 
wrong diagnosis. To eliminate such shortcomings of these 
methods, the additional analysis by vibrations [4] or more 
complicated mathematical apparatus for analysis [5-7] are 
used. However, even this additional analysis does not prevent 
diagnostic mistakes when low-power IMs with significant 
influence of voltage unsinusoidality are under analysis. This 
fact is especially significant for IM fed from low- voltage supply 
of industrial plants. 

Another well-known diagnostic method is supply voltage 
analysis [8-10]. The data are analyzed either according to 
supply voltage spectra with neutral voltage [9], or high 
frequency carrying signal [10]. As for the first mentioned 
method, diagnostic result significantly depends on voltage 
quality, which is not always ideal in low- voltage supply mains 
with IM. As for the second mentioned method, there is 
necessity of using additional equipment for generation test 
carrying signals. 

Also there is a range of methods for fault detections under 
transient conditions. But these methods provides the best 
results for analysis in starting, braking modes, and modes 
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under transient load, when there are significant signal 
changes both in time and frequency domains. Thus, these 
methods are less convenient for steady state modes 
analysis. The instantaneous power spectra analysis allows 
avoiding shortcomings of above mentioned methods [11, 12]. 
Instantaneous power spectra analysis allows both detection 
of fault presence and estimation of damage level by analysis 
of proper harmonic value. Thus, instantaneous power spectra 
analysis allows one to estimate the energy of fault and the 
correlation of this energy to additional damage of IM parts 
under influence of additional vibrations caused by proper 
harmonic. Moreover, the instantaneous power spectra 
analysis allows analyzing of IM operation modes under 
significant nonlinearity, when it is incorrect to use 
superposition principle for current harmonics. Also, 
instantaneous power analysis is more reliable, it is less 
dependent on noise, and gives additional harmonic 
components for analysis [11, 12]. 

In [13] it was offered to monitoring and estimation of IM 
operating conditions by means of instantaneous power and 
electromagnetic torque spectra analysis. As it was mentioned, 
it is very important to take into account supply voltage quality 
for making proper diagnosis of low-power IM. A number of 
authors have investigated the influence of supplying voltage 
low-quality on parameters and operation modes of low-power 
EVI [ 14] . It leads to conclusion that it is necessary to eliminate 
the influence of noises, asymmetry and non-sinusoidality of 
supply voltage on analyzed currents and power signals. It 
improves accuracy and reliability of diagnostic. 

II. Problem Statement 

The method of IM diagnostic based on 3-phase IM power 
spectra analysis is offered. To achieve accuracy and reliability 
of diagnostic results it is necessary to eliminate the influence 
of power spectra components caused by supply voltage low 
quality on components caused by IM defects. 

III. Research Method 

EVI diagnostics basing on 3-phase motor instantaneous 
power spectra analysis is carried out on the basis of measured 
stator currents and voltages. In case of voltage supply low- 
quality, both the motor non-linear elements and the network 
non-sinusoidality and dissymmetry cause harmonics in 
current signal spectra. Thus, IM diagnostic based on MCSA 
may lead to wrong result. It is possible to increase reliability 
of diagnostic methods based on current and power spectra 
analysis by means of elimination the influence of supply 
voltage low-quality and non-sinusoidality on analyzed 
signals. To eliminate the influence of supply voltage low 
quality and to provide possibility of current and power signals 
analysis as signals, given from sinusoidal symmetric supply, 
it is necessary to recalculate current and power harmonics 
values taking into account linear dependence of complex 

impedances Z k on their sequence number according to a 
well-known expression (Fig. 1): 
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Z k =Re[z]+ jlm[z]lc, 

which can be reduced for the higher harmonics to the 
following form: 

Z k =2{R ] +R 2 ) + 2j(L ] +L 2 )c 0k , 

in this case, for IM, computed dependence of complex 
impedance harmonics amplitude values module on harmonic 
number presents a straight line (Fig. 1). 

Harmonics recalculation is made in a complex form. It is 
correct if IM is presented as a linear and nonlinear objects 
totality. Then, the superposition principle is observed if the 
current harmonics of linear object part, which are caused by 
the presence of the mains voltage higher harmonics, are 
determined by means of dividing them by motor complex 
impedance. IM complex impedance can be determined as a 
result of electromagnetic parameters identification process. 
The main nonlinearity in this condition is determined by the 
effect of current displacement in rotor windings, if the absence 
of IM magnetic system saturation in the short-circuit duty is 
taken into consideration. Current displacement effect is 
significantly manifested at frequencies above 250 Hz. In this 
case, the data obtained in the short-circuit duty correlate to 
the data received for idle running condition with polyharmonic 
supply. There are considerable differences in the first harmonic 
amplitudes where rotation electromotive force (EMF), which 
is induced in stator winding, has great influence (Fig. 1). The 
difference of higher frequencies harmonics can be explained 
by the influence of magnetic system saturation and the 
presence of small value of above mentioned EMF which 
constitutes the motor complex nonlinearity. 
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Fig. 1 . Deviation of complex impedances (Z/ In ) dependences on 
higher harmonics number in the short-circuit duty (Zj/, c ) and an 
idle running (Z/, ) . 

To analyze the influence of supply low-quality param- 
eters on the results of IM diagnostics, a number of experi- 
ments were done with artificial creation of supply voltage 
dissymmetry for induction motor type AO 90 S-4 (1.1 kW; 
1410rpm; 2.8 A). Dissymmetry was created by means of con- 
necting an autotransformer to an IM phase. Characteristics 
of voltage parameters for the most typical experiments are 
shown in Table I. 
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Table I. Voltage parameters in experiments with artificially created supply 

DISSYMMETRY 



Experiment 
number 


e 2 ,% 


KU , % 


1 


0.7 


0.9 


2 


20.09 


16 


3 


58.8 


69 



The following designations are adopted in Table I: KU is 
voltage deviation in autotransformer phase; e 2 is reverse 
sequence coefficient computed according to the following 
expression: 

s 2 =U 2 /U r , (1) 

where t/ 2 is a reverse sequence voltage, U r is a rated 
voltage. 

Voltage deviation is computed according to the following 
expression: 



KU 



UA ~ Ur 100% 
u r 



(2) 



where U A is a phase voltage effective value, U r is a 
rated phase voltage. 

The analysis of three-phase IM operation conditions 
depends on the presence or absence of the connection 
between zero points of mains and IM. Often, IM stator 
winding zero point is not brought out into the junction box, 
and is not connected to zero wire of the supply mains. 

EMF induced in IM stator winding by rotor currents 
significantly influences formation of currents in stator phases. 
When ohmic resistance and stator winding leakage inductance 
are known, this EMF is computed according to expression 
(for phase A): 

di(t) 



e A{ t ) = u A{ t )-'A{ t ) R lA -k 



I A " 



dt 



(3) 



where u A (t), i A (t) are instantaneous values of voltages 
and currents of the phase, correspondingly; / is a time; R 1A , 
L 1A are ohmic resistance and leakage inductance of the stator 
phase winding. 

When there is dissymmetry in the supply mains, the stator 
phase currents and voltages dissymmetry occurs in IM. In 
this case, due to rotor revolutions EMF, stator phase voltages 
dissymmetry considerably differs from the supply mains 
voltages dissymmetry and is additionally manifested in 
dissymmetry about abscissa axis (time axis). Experimental 
curves for supply mains voltages and motor voltages and 
currents for experiment No. 3 (Table I) are shown in Fig. 2. 

Analysis of dissymmetry level in three-phase system 
without connections of mains and induction motor neutral 
terminals according to currents and voltages phase values is 
rather difficult. That is why this analysis should be carried 
out on the basis of interphase parameters: 

U AB (0 = « A ( f ) " 11 B ( f 11 BC ( f ) = " B ( f )" U C (4* 

«C4( f ) =M c( f )-«A( f ) (4) 
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Time (Sec) 

Fig. 2. Supply mains phase voltages (a) and IM phase voltages (b) 
and currents (c) for experiment No. 3. 

Then three-phase IM instantaneous power can be 
expressed through interphase parameters, which makes it 
possible to recalculate the instantaneous power value without 
using phase values: 

p(t) = l/3{{i A (t)-i B {t))u AB (t) + 

+ ih (0 - «'c ('))"ec ( f ) + (»c ( f ) " U ( { )) u ca if)). (5) 
Interphase currents and voltages do not have 
dissymmetry about abscissa axis (Fig. 3), as they do not 
contain zero sequence components. 
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Fig. 3. IM interphase voltages (a) and currents (b) for experiment 
No. 3. 
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Then recalculation of current harmonics is made according 
to expression: 



/' = / 

k AB k AB Z 



k AB 
k AB 



(6) 



where = ~h B ) is the complex value of current 
k-th harmonic, U k AB is the complex value of interphase 

voltage k-th harmonic, ^k AB is the IM complex impedance 

value on k-th harmonic, k=2..K is harmonic number. 

During recalculation of the current phase fundamental 
harmonic it is necessary to take into account EMF induced in 
stator winding: 

•„ • Uj-Ej 

1 1 = 1 1 : 



(7) 

where E 1 is the complex value of EMF first harmonic 

amplitude in the gap; Zj = Rj + jLjCO is the complex value 

of impedance first harmonic. Recalculation of currents 
instantaneous values is made according to (6): 

l AB ( f ) = 2 X Re {h(AB) )cos{kcot)- 

k=2 

-2^Im(l k ( AB ))sin{ka>t) + (8) 

k=2 

+ 2(Re(l" 1 ^ AB ))cos((Ot)-Im(l"^ AB ))sin((Ot)) 
voltage is assigned by the first harmonic: 

u AB (t) = 2Y,Re(u 1 ( AB ))cos((ot)- 
-2 J £lm(u 1 ( AB ))sin{(ot), 

where i' AB (t) are recalculated current instantaneous values 

according to (5), u' AB (t) are supply ideal voltages without 
higher harmonics, co is an angular frequency. Recalculation 
for currents i' B c(t), i'cA^t) and voltages u' BC (t), u' CA (t) is 
carried out similarly to expressions (8) and (9), 
correspondingly. 

The influence of supply mains dissymmetry on current 
signals formation can be eliminated by restoration of voltage 
signals basing on the first harmonics of stator phase voltages, 
according to (9). Interphase voltage is taken as a basic signal 
because it least of all differs from rated voltage. Instantaneous 
values of other interphase voltages are computed in relation 
to the basic one from three-phase mains symmetry condition: 

Ui( BC )=U 1 ( AB )e 3 ; 



Ui{ca) = ^7(AB) e 



-]4n 
3 . 



where U ;(ab), U i(sc), U i(ca) are complex values of the 

first harmonics of interphase voltages AB, BC and CA, 
correspondingly. 

Then, according to (7), current harmonics are recalcu- 
lated. It should be mentioned that it is not necessary to recal- 
culate EMF harmonics when supply mains dissymmetry is 
less then 20%, as there is no significant magnetic field distor- 
tion in IM gap. Experimental data for different levels of sup- 
ply mains dissymmetry, showed the following results. When 
there is conditional supply mains symmetry (experiment No. 1 ), 
EMF dissymmetry computed similarly to (2), is KE =0.27% 
(Fig. 4). When supply mains are dissymmetrical as for experi- 
ment No. 2, EMF dissymmetry is KE = 2.9% (Fig.5), and 
when supply mains are dissymmetrical as for experiment No. 3, 
EMF dissymmetry is KU =15.1% (Fig.6). 
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Fig. 4. Interphase EMF in the gap for experiment No. 1 
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Fig. 5. Interphase EMF in the gap for experiment No. 2 
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Fig. 6. Interphase EMF in the gap for experiment No. 3 

IV. Experimental Verification 

To research the efficiency of the offered method 
application, let us analyze signal experimental data for the 
mentioned (Table I) experiments. 

Using methods of IM parameters identification, stator and 
rotor ohmic resistance and inductive reactance, which are 
necessary for the further analysis, were preliminary computed 
for analyzed IM AO 90 S-4 (1.1 kW; 1410 rpm; 2.8 A): 
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Rj=7.62 Ohm, R 2 =8.06 Ohm, Lj=0.02239 H, 

L 2 = 0.02057 H. 

After recalculation of experimental signals according to 



expressions (6-8), currents and voltage signals for the further 
analysis are obtained (Fig. 7). 

Three-phase instantaneous power values are computed 
on the basis of recalculated interphase currents and voltages 
(Figs. 8-10). 
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Fig. 7. Signals of initial (1) and recalculated (2) voltages (a) and currents (b) obtained for experiment No. 3 (begining). 





Phase C 

Fig. 7. Signals of initial (1) and recalculated (2) voltages (a) and currents (b) obtained for experiment No. 3 (ending). 
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Fig. 8. Total three-phase power without taking constant component into account for experiment No. 1. 
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Fig. 9. Total three-phase power without taking constant component into account for experiment No. 2. 
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Fig. 10. Total three-phase power without taking constant component into account for experiment No. 3. 



The following designations are adopted in Figs. 8-10: 1 is 
an initial signal, 2 is a signal transformed to sinusoid supply, 
3 is a signal transformed to sinusoidal symmetric supply. 

Obvious difference of initial and restored signals can be 
observed using spectral analysis (Figs 11-13). The following 
designations are adopted in Figs. 11-13: 

X is initial signal, P init ; a is signal after elimination of 
the influence of supply mains unsinusoidality, 

^asym \ O is 

signal after elimination of the influence of supply mains 
unsinusoidality and dissymmetry, P sym . 

For comparative analysis of initial and the recalculated 
signals, dissymmetry coefficients, and also currents and 
voltages unsinusoidality were calculated, as well as power 

higher harmonics coefficient K Pjlg (10), the computation of 

which was made according to the following expression: 



K 



Phg 




(10) 



As it can be seen from (12), the offered coefficient is a 
relation of power higher harmonics root-mean-square value 

to motor power P r rated value. 

The results of computation of the mentioned coefficients 
are given in Tables II-IV. 

The analysis of the data (Tables III, IV) for elimination of 
low-quality supply mains parameters influence, showed 
following results. Currents signals assume a larger degree of 
dissymmetry and unsinusoidality, i.e. harmonics occurring 
due to motor faults are manifested in current signal spectrum 
more evidently. In this case, a number of harmonics, caused 
by low-quality supply mains, disappear (Figs 11-13). For all 
the experiments, a number of total instantaneous power 
harmonics with frequencies 150, 250, 350 Hz, caused by 
supply mains interharmonics, are eliminated. As it can be 
seen from Table II, power higher harmonics coefficient 
reduces, when dissymmetry level is about 20%. It decreases 
to the level which could be observed when supply is provided 
by symmetrical mains. 
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Fig. 11. Spectral composition of total three-phase instantaneous power for experiment No. 1. 
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Fig. 12. Spectral composition of total three-phase instantaneous power for experiment No. 2 
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Fig. 13. Spectral composition of total three-phase instantaneous power for experiment No. 3. 
Table II. Computed values of power higher harmonics coefficients 



No. 


Type of the analyzed signal 


Value Kpf,g 


Experiment number 


1 


2 


3 


1 


Transformed to supply by symmetric sinusoid mains 


0.069 


0.087 


0.243 


2 


Transformed to supply by dissymmetric sinusoid mains 


0.111 


0.238 


0.933 


3 


Initial signal 


0.129 


0.250 


0.812 



Table III. Computed values of analyzed signals unsinusoidality coefficients 









Initial signal 


Restored signal 


No. 


Parameter 




Experiment number 


Experiment number 








1 


2 


3 


1 


2 


3 






'M 


5.72 % 


5.18% 


2.9% 


5.98 % 


5.28 % 


2.85 % 


1 


Current 


'BC 


5.38 % 


11.4 % 


6.67 % 


6.16 % 


6.67 % 


4.09 % 






ICA 


5.61 % 


5.83% 


4.44 % 


5.7 % 


5.33 % 


4.18 % 






U AB 


6.28 % 


5.56% 


4.42 % 


% 


% 


0% 


2 


Voltage 


Use 


6.17 % 


5.95 % 


7.34 % 


% 


% 


0% 








6.32% 


6. 15 % 


6.71 % 


% 


% 


0% 



Table IV. Computed values of analyzed signals dissymmetry coefficients 







Initial signal 


Restored signal 


No. 


Parameter 


Experiment number 


Experiment number 






1 


2 


3 


1 


2 


3 


1 


Current 


30.4 % 


72.45 % 


283.58 % 


13.88 % 


23.65 % 


76.69 % 


2 


Voltage 


3.88 % 


10.71 % 


45.54 % 


0% 


0% 


0% 


3 


Power 


23.44 % 


20.45 % 


10.44 % 


0.06% 


0.44 % 


0.14 % 



According to these data, it is possible to make the 
conclusion about presence of IM faults, using indicators 
formulated in paper [13]. 

The tested motor used in the experimental investigation 
was a three-phase induction machine type AO 90 S-4, 50 Hz, 
4-pole, l.lkW, 1410rpm;2.8 A. For investigation of turn-to- 
turn short circuit in stator windings, the taps were provided 
in one of the stator winding phases to imitate turn-to-turn 
short circuits (Fig. 14, Table V). 

1 2 3 



z 
-o 




Fig. 14. Stator phase winding taps circuit. 
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For broken bars investigation several rotors of identical 
type with 1 , 2, 3 or 4 broken bars, which can be interchanged, 
were used (Fig. 15). DC generator provided a mechanical load. 

Table V. IM winding resistance measurement data 



Fhase 


Resistance value, ohm 


A 


7.576 


B 


7.632 


C 


7.66 




Winding 


Resistance 


Reduction of 




part 


value, ohm 


winding turns 


Taps in 






number, % 


phase C 


1-z 


7.45 


2.74 


2-z 


6.9 


10 


3-z 


6.31 


17.6 
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Fig. 15. Scheme of rotor apertures location: 
1, 2, 3, 4 are broken bar numbers. 

Correspondence of the existing faults to the fulfilled 
experiments sequence number is shown in Table VI. 



Table VI. Experiments with IM artificial damages 



No. 


Fault type 


1 


IM basic variant without artificial defects 


2 


IM with a screwed-out bolt No.l 


3 


IM with a screwed- out bolt No.l and phase C winding 
short circuit 2.74% 


4 


IM with a screwed-out bolt No. 1 and phase C winding 
short circuit 10% 


5 


IM with a screwed-out bolt No. 1 and phase C winding 
short circuit 17.6 % 


6 


IM with screwed-out bolts No. 1 and No. 2 


7 


IMwith screwed-out bolts No. 1, No.2andNo.3 


8 


IM with screwed-out bolts No. 1, No.2, No. 3 and No4 



A measuring module and software were developed by 
authors [14] for measurement and record of electrical values 
(voltages and currents) necessary for the analysis (Fig. 16). 



SB 

v§ : 




Fig. 16. Measuring module functional circuit: 
SB - sensor block; VB - voltage block; VRD - voltage resistance 
divider; GIA - galvanic isolation amplifier; 
CS - current sensor; PC - personal computer; PACA - programmed 
amplification coefficient amplifier; USB - PC bus. 

The following assumptions were accepted for experimen- 
tal researches. The possibility of load variation was not taken 
into account. This variation may lead to appearance of 
interharmonics and low-frequency harmonics in power spec- 
tra. Interharmonics do not make significant influence on 
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informative harmonics which are used for analysis. The in- 
fluence of low-frequency harmonics could be compensated 
by analysis of three-phase IM instantaneous power mean 
value. The influence of heating appears in changes of wind- 
ings active resistances. In case of uniform heating the active 
resistances will change symmetrically. Nonuniform heating 
mainly leads to clearer asymmetry demonstration. It could be 
observed by difference between amplitude harmonics by 
phases. Researches [13] showed that the main influence of 
saturation appears on 6-th and its multiple harmonics of in- 
stantaneous power. However, harmonics of lower frequen- 
cies were used in this work. It has to be mentioned, that 
offered method could be used both for variable speed motor 
and for fixed speed motor based on voltage inverter (with 
PWM). 

Analysis was carried out for IM idle conditions and for 
half load conditions. Preliminary data analysis showed that 
defects could be more obviously manifested in loaded 
machine signals. Thus, following analysis is presented for 
half loaded conditions. Experimental data analysis leads to 
conclusion that elimination of supply voltage unsinusoidality 
and dissymmetry allows removing from consideration 
harmonics caused by voltage low-quality. This simplifies the 
analysis and improves diagnostics results (Fig. 17-20). 

Experimental data analysis showed, that the following 
defects were present in the basic variant of motor without 
artificial demages (experiment No. 1, Table VI): 

-rotation speed harmonics (24.8 Hz for tested IM) and its 
multiple in current and power spectra shows misalignment of 
shaft and actuator (Fig. 17); 

- double supply frequency in three-phase power spectra 
(100 Hz) shows base motor dissymmetry. Its low value 
confirms good motor condition; 

-power harmonic multiple of six supply main harmonic 
shows IM nonlinearity and influence of magnetizing curve; 

-power harmonic multiple of for supply main harmonic 
shows presence of both motor nonlinearity and dissymmetry 
and appears as result of multiplying of proper current and 
voltage harmonics. 

The values of considered harmonics for base IM are not 
significant. These values are less then 2% of rated power. It 
shows motor good conditions. 

Experimental data analysis for rotor with one broken bar 
(experiment 2, Table VI) leads to the following conclusions. 

Two sideband components appear around fundamental 
component at following frequencies 

fbb = fn( 1±ns ) 

where /„ is a fundamental frequency, s is a motor slip, 
n = l,2,... 

When supply mains low-quality influence on current 
signal is eliminated, sideband components became more 
clearly visible (Fig. 17b, 19b). 

Three-phase power spectra, in addition to two sideband 
components around double fundamental component, contain 
component at the modulation frequency (Fig. 18, 20). This 
component provides additional diagnostic information about 
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motor conditions, and allows improving reliability and 
accuracy of diagnostics [11, 12]. 

When turn-to-turn short circuits appear, as well as when 
there is stator windings asymmetry, the amplitude of harmonics 
of the frequency of 100 Hz increases significantly Separation of 
these defects is possible when power coefficient cos (p is calcu- 
lated, as in the presence of turn-to-turn short circuits, unlike 
asymmetry of stator windings, the angle of current and voltage 
phase shear reduces, i.e. the value of this coefficient increases 
(Table VII, experiments 4, 5). 



Table VII.Analysis of experiments with IM artificial damages 



E xperiment No. 
according to Table VI 


CO s((p ) 


r ng 


1 


0.16 


0.054 


2 


0.14 


0.088 


3 


0.19 


0.0825 


4 


0.39 


0.216 


5 


0.53 


0.444 


6 


0.176 


0.0915 


7 


0.16 


0.1115 


8 


0.15 


0.1185 
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a) b) 

Fig. 17. Current spectra for experiment No.l: base signal (a) and signal after supply low-quality elimination (b) 
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Fig. 18. 3-phase power spectra for experiment No.l: base signal (a) and signal after supply low-quality elimination (b) 
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Fig. 19. Current spectra for experiment No. 2: base signal (a) and signal after supply low-quality elimination (b) 
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a) 

Fig. 20. Three-phase power spectra for experiment No. 2 



b) 

base signal (a) and signal after supply low-quality elimination (b) 



Thus, experimental verification of IM diagnostic method 
based on instantaneous power spectra analysis showed its 
utility for rotor bar breaks and stator windings short-circuits 
detection. The diagnostics simplification and improvement 
due to elimination of supply voltage low-quality, was 
confirmed. 

This method was successfully implemented in Induction 
motor diagnostic system based on power spectra analysis 
[15]. 

V. Conclusions 

An IM diagnostic method, based on three-phase 
instantaneous power spectra analysis, was considered. To 
improve reliability of diagnostic results by means of supply 
voltage low-quality elimination, a method for recalculation of 
stator interphase voltage and current harmonic components 
was developed and experimentally tested. This method makes 
it possible to analyze the spectrum of consumed three-phase 
instantaneous power without components caused by supply 
mains low-quality parameters. This method provides improved 
accuracy and information value of IM diagnostics on the 
basis of the analysis of the spectrum of consumed three- 
phase instantaneous power. 

The method of IM diagnostics on the basis of the analysis 
of three-phase instantaneous power has been checked 
experimentally and its applicability to determination of stator 
and rotor winding several defects simultaneously has been 
proved. The possibility of estimation of the extent of defects 
development according to the value of the amplitude of 
consumed power correspondent harmonic has been shown. 
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